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ABSTRACT 


Experiments  were  conducted  to  establish  data  on  the 
sensitivity  of  the  results  to  variations  of  several 
parameters  of  the  vertical  cable  tray  fire  test  described 
in  the  IEEE  Standard  383.  Parameters  varied  were  -  ' 

burner-to-cable  distance,  air  input  rate  and  fuel  input  rate. 
As  a  result  of  these  experiments  and  previous  experience, 
suggestions  for  revision  of  IEEE  383  are  made  with  respect  to 
1)  construction  of  cable  trays,  2)  test  enclosure,  3)  type, 
size  and  spacing  of  cable  ties,  4)  burner  position,  5) 
mesurement  of  fuel  and  air  rates,  6)  flame  temperature,  7) 
initial  room  temperature,  and  8)  reporting  of  results. 
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Development  And  Verification  Of 
Fire  Tests  For  Cable  Systems  and  Components 


I .  Introduction 

This  is  the  fourth  quarterly  report  covering  the  period  from 
March  1  through  May  31,  1978.  During  this  period, 
separate-effects  experiments  which  were  conducted  as  a  part 
of  Task  A  of  the  contract  work  scope.  Specifically,  twenty 
experiments  were  conducted  to  refine  parameters  of  the  IEEE 
383  cable  fire  test  method. 

Several  separate-effects  experiments  were  conducted 
previously  and  described  in  Report  NUREG/CR-0 1 52  (UL-USNC  75 
Q2-3).  These  experiments  were  conducted  retaining  similarity 
to  the  IEEE  383  test  method,  but  with  full  cable  trays 
(nominally  40  percent  fill)  and  two  burner  ignition  sources 
in  order  to  more  closely  simulate  a  severe  fire  condition. 
However,  experiments  with  one  cable  type  produced  results 
which  were  extremely  variable  because  of  random  movements  of 
the  cable  during  burning  and  therefore,  experiments  with  full 
fill  cable  trays  were  terminated  for  the  present  time. 

One  criticism  about  the  present  test  method  has  been  chat 
results  obtained  are  not  repeatable  between  tests  or 
reproducible  between  testing  facilities. 

Since  a  need  exists  for  a  reproducible  cable  fire  test 
method,  experiments  were  conducted  to  refine  the  values 
specified  in  the  present  IEEE  383  test  method.  The  object  of 
these  experiments  was  to  provide  a  data  basis  to  establish 
tolerances  for  various  test  parameters  and  to  define  a  test 
method  with  more  reproducible  results. 

The  parameters  which  were  varied  were  1)  burner-to-tray 
distance,  2)  air  input  rate,  and  3)  fuel  input  rate.  The 
plan  was  to  observe  the  effect  of  changing  the  parameters 
from  the  values  specified  in  present  IEEE  383.  Also,  since 
the  only  measure  of  cable  performance  described  in  the 
present  IEEE  383  test  method  is  the  extent  of  cable  damage, 
the  use  of  cable-jacket  temperatures  developed  during  the 
experiment  as  a  supplemental  performance  measure  was 
investigated.  Cable  jacket  temperatures  might  be  used  to 
determine  actual  extent  of  cable  damage,  and  might  also 
provide  a  measure  of  the  linear  rate  of  cable  deterioration. 
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II .  Experimental  Procedure 


A.  Facility 

The  cable  experiments  were  conducted  inside  a  heated  brick 
building  37  ft  wide,  67  ft  long  and  21  to  24  ft  high  as  shown 
in  Figure  1.  The  building  was  ventilated  and  free  from 
excessive  drafts  and  spurious  air  currents,  although  no 
specific  draft  measurements  were  made. 

During  the  cable  experiments  all  exterior  doors  were  closed 
and  all  roof  vents  in  the  building  were  opened.  The  roof 
vents  were  ducted  to  an  exhaust  and  smoke  incineration 
system.  The  nominal  volumetric  flow  rate  through  the 
afterburner  system  was  16,000  cfm,  which  corresponds  to  one 
air  change  every  4  min.  There  was  sufficient  air  leakage 
that  atmospheric  pressure  was  maintained  inside  the  building 
while  the  incinerators  were  in  operation. 


B.  Apparatus 

The  burner  apparatus  consisted  of  one  burner  head  and  a 
Venturi  air-fuel  mixer  as  described  in  IEEE  383-1974.  The 
burner  head  was  a  10  in.  wide,  11-55  drilling,  ribbon  burner, 
and  the  mixer  was  a  No.  14-18.  Both  were  manufactured  by  the 
American  Gas  Furnace  Co.  Bottled  commercial  grade  propane 
and  laboratory  compressed  air  were  used  in  the  experiments. 
The  heating  value  of  the  commercial  grade  propane  was 
2,514  BTU/ft3-* 

Cable  experiments  were  conducted  using  open-ladder  type  cable 
trays,  8  ft  long  and  12  in.  wide.  The  side  channels  were 
3-3/8  in.  deep  with  1  in.  flanges  and  fabricated  from 
No.  16  MSG  (0.060  in.  thick)  cold-rolled  steel.  The  nominal 
0.125  in.  thick  (No.  10  MSG)  ladder  rungs  were  1  in.  wide 
with  1/2  in.  legs,  and  were  tack-welded  to  the  side  rails  at 
9  in.  intervals.  Steel  wire  ties  formed  from  No.  16  SWG 
(0.062  in.  thick)  were  used  to  fasten  each  cable  to  various 
rungs  of  the  cable  trays  as  shown  in  Figure  2. 

*Value  obtained  by  test  with  a  recording  calorimeter  and  a 
sample  of  propane  from  the  same  lot  used  in  testing. 


2 


Enclosure 


r 


w  • 


An  enclosure  8  by  8  by  8  ft  high  was  used  to  isolate  the 
sample  from  extraneous  environmental  effects  as  shown  in 
Figure  3.  It  was  formed  by  four  steel-framed  wall  sections, 
8  ft  square,  to  which  1/2  in.  Marinite  boards  were  fastened. 
The  sections  were  clamped  together  at  the  four  corners  so 
that  each  could  easily  be  raised  or  lowered  independently. 
The  interior  surfaces  of  the  enclosure  were  painted  flat 
black.  Several  observation  windows  and  an  access  door  were 
provided . 


D.  Samples 


The  cables  used  in  these  experiments  were  stranded  seven 
(copper)  conductor,  No.  12  AWG  with  three  combinations  of 
insulation  and  jacket  materials.  Identification  of  cable 
materials  was  on  the  basis  of  information  provided  by  the 
suppliers.  The  cables  are  identified  in  this  report  only  by 
a  code  number  in  the  description  of  the  experiments  to 
avoid  association  of  the  results  with  proprietary  products 
at  this  time.  Descriptions  of  the  cables,  without  identi¬ 
fication  of  the  code  numbers,  are  given  in  Table  I. 


E.  Instrumentation 


Type  K,  Chromel-Alumel  thermocouples  were  used  to  measure  the 
air  and  propane  temperatures  before  the  mixer  and  the  cable 
jacket  temperatures. 

Pressures  of  the  fuel  and  air  within  the  burner  piping  before 
the  mixer  were  measured  with  differential  pressure 
manometers.  Volumetric  flow  meters  were  used  to  monitor 
propane  and  combustion-air  flow  rate. 

A  thermometer  and  a  barometer  were  used  to  measure  the 
ambient  air  temperature  and  barometric  pressure  of  the  test 
room  prior  to  each  experiment. 


F.  Method 


The  experiments  were  conducted  in  the  sequence  shown  in 
Table  2  and  in  general  accordance  with  the  method  described 
in  IEEE-383-1974 ,  paragraph  2.5. 
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Cables  were  installed  in  a  single  layer  filling  the  center 
6  in.  portion  of  the  tray,  and  spaced  approximately  1/2 
cable  diameter  apart.  Since  the  cable  diameter  was  different 
for  each  cable  type,  the  number  of  lengths  of  cables 
installed  into  the  tray  was  different  for  each  cable  type. 
Each  length  of  cable  was  fastened  to  ladder  rungs  with 
No.  16  SWG  (0.062  in.  thick)  steel  wire  at  approximately 
18  in.  O.C.  The  number  of  cables  per  tray  and  location  of 
fasteners  are  shown  in  Figure  2. 

The  tray  was  installed  vertically  in  a  steel  base  frame  with 
the  rear  surface  of  the  cable  tray  rungs  facing  the  burner. 
The  burner  face  was  positioned  3  in.  away  from  (except  in 
Experiments  5,  6,  11  and  12)  and  perpendicular  to  the  rear 
of  the  cable  tray.  The  center  of  the  burner  face  was  located 
24  in.  above  the  base  of  the  tray  and  midway  between  ladder 
rungs . 

The  temperatures  of  the  cable  jacket  material  were  measured 
in  ten  experiments.  In  each  of  these  experiments  one  cable 
was  instrumented  with  12  thermocouples  as  shown  on  Figure  4. 
Each  thermocouple  was  recessed  into  a  notch  in  the  cable 
jacket,  with  the  notch  then  filled  with  a  one-part  silicone 
adhesive  to  fasten  the  thermocouple  to  the  cable. 

The  test  room  was  heated  to  approximately  63  F  before  the 
afterburner  system  was  operated  in  Experiments  1-17. 

However,  no  heat  was  supplied  to  the  test  room  for 
Experiments  18-20  since  the  natural  outside  air  conditions 
produced  the  desired  room  temperature. 

To  initiate  each  experiment,  a  pilot  burner  flame  was 
ignited.  The  propane  gas  and  air  flows  were  adjusted  to 
obtain  pressures  within  the  specifications  outlined  in 
IEEE  383-1974  and/or  to  obtain  the  desired  volumetric  air  and 
fuel  inputs  under  consideration.  After  the  required  flows 
were  obtained  the  experiment  was  initiated.  Specimens  were 
subjected  to  the  burner  flame  for  a  20  min  duration  after 
which  the  burner  flame  was  extinguished. 

Throughout  each  experiment,  visual  observations  were  made  of 
the  condition  of  the  cable  material,  flame  travel,  and  other 
developments  pertinent  to  the  fire  performance  of  the  cables. 
Each  experiment  was  concluded  when  all  fire  activity  had 
ceased . 
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III.  Results 


A.  Visual  Observations  During  Experiments 

A  summary  of  visual  test  observations  for  each  cable  type  are 
given  below.  Graphs  of  maximum  flame  height  versus  time  are 
shown  in  Figures  5-10. 

Type  I 

The  cable  jacket  material  melted  in  advance  of  the 
propagating  flame.  Although  the  cable  jacket  material 
melted,  the  cable  did  not  fuse  together  into  a  single  cable 
mass  in  the  fire  region.  No  fall  off  of  flaming  material  or 
other  dripping  or  sparking  was  observed.  As  the  flames 
traveled  up  the  tray,  the  burning  cable  jacket/insulation 
material  produced  white  ash.  Small  pieces  of  the  ash 
gradually  fell  to  the  floor. 

Type  II 

The  cable  jacket  material  discolored,  blistered  and  cracked 
in  advance  of  the  flame.  No  melting  of  the  cable  jacket  was 
observed.  The  outer  surface  of  the  cable  jacket  formed  small 
scales,  approximately  1/16  in.  in  diameter  and  smaller.  A 
small  amount  of  expansion  of  the  cable  insulation  and/or 
jacket  materials  was  observed  to  occur,  although  not 
sufficient  to  close  the  space  between  adjacent  cables.  While 
the  cable  material  was  flaming  crackling  noise  issued  from 
the  burning  cable,  although  no  noticable  loss  of  surface 
particles  occurred.  As  the  flames  traveled  up  the  tray,  the 
burning  cable  jacket/insulation  material  produced  white  ash. 
Small  pieces  of  the  ash  gradually  fell  to  the  floor. 

Type  III 

The  cable  jacket/insulation  material  swelled  in  the  fire  area 
closing  the  space  between  the  cables.  The  ignition  flame  was 
then  unable  to  penetrate  through  the  cable  mass  to  the  cable 
front  surface.  The  ignition  flarne  was  able  to  curl  about  the 
sides  of  the  cable  mass  to  the  front  surface  of  the  end 
cables.  In  the  fire  area  crackling  and  popping  sounds  were 
audible  as  some  small  (approximately  1/16  in.  diameter) 
particles  popped  away  from  the  cable.  The  color  of  the 
burned  cable  jacket  was  a  light  gray. 
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Cable  Jacket  Temperatures  -  Temperature  records  for  each 
experiment  in  which  cable  jacket  thermocouples  were  installed 
are  shown  in  Tables  3-12.  Isothermal  graphs. for  each 
instrumented  cable  experiment  are  shown  in  Figures  11-20. 


Observations  After  Test  -  Maximum  cable  damage  height  for 
each  cable  was  recorded  as  shown  in  Table  13.  The  maximum 
and  average  cable  damage  heights  for  each  experiment  is 
summarized  in  Table  14. 
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IV.  Discussion 


Several  effects  were  observed  when  the  test  parameters  were 
varied. 

Experiments  1  through  4  were  conducted  to  provide  an  estimate 
of  the  repeatability  of  the  results  for  fixed  test 
conditions.  Heights  of  damage  on  individual  cables  in  each 
experiment  are  shown  in  Table  3,  and  the  maximum  height  of 
damage  for  each  experiment  is  shown  in  Table  14.  It  is  seen 
that  for  Experiments  1-3,  the  variation  of  the  maximum  damage 
height  was  from  68  to  71  in.,  whereas  the  maximum  damage 
height  in  Experiment  4  was  87  in.  However,  Experiment  4  is 
suspect  for  the  following  reason.  Room  temperature  prior  to 
the  experiment  had  inadvertantly  been  allowed  to  rise  to 
about  95  F,  and  then  cooled  to  64  F  by  admitting  outside  air. 
It  is  possible  that  parts  of  the  cable,  cable  tray,  and 
enclosure  were  still  above  room  temperature  at  the  start  of 
the  experiment,  thus  increasing  the  height  of  damage  in  that 
experiment.  For  this  reason,  only  Experiments  1-3  are  being 
used  to  estimate  the  basic  repeatibility  of  the  height  of 
damage,  which  is  estimated  to  be  _+1-1/2  in. 

As  shown  in  results  of  Experiments  5  and  6,  varying  the 
burner  distance  +1/2  in.  from  the  specified  3  in.  has  a 
significant  effect  on  cable  performance.  About  a  10  in. 
difference  in  height  of  cable  damage  was  recorded  between 
Experiments  5  and  6.  However,  little  difference  in  height  of 
cable  damage  was  observed  between  Experiments  11  and  12  where 
the  burner  distance  was  varied  _+1/8  in. 

In  Experiments  7  and  8,  the  air  input  rate  was  varied  plus  10 
percent  and  minus  6  percent,  respectively.  The  results  of 
these  tests  show  that  little  difference  in  cable  damage  is 
produced  by  such  a  variation  in  the  supply  air.  This  is  to 
be  expected,  since  the  air/fuel  ratio  of  the  standard 
ignition  flame  is  approximately  6/1,  whereas  the 
stoichiometric  air/fuel  ratio  is  about  23/1.  With  such  a 
fuel-rich  mixture,  slight  variations  in  the  amount  of  air 
should  not  have  a  significant  effect  on  the  nature  of  the 
flame  heat  output. 
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The  fuel  input  rate  was  varied  in  Experiments  9,  10,  13  and 
14.  A  plot  of  height  of  cable  damage  for  each  of  the 
experiments  is  shown  in  Fig.  21.  As  shown,  there  is  a 
tendency  for  increasing  cable  damage  with  decreasing  fueu 
input.  Approximately  a  10  in.  difference  in  cable  damage  was 
observed  between  Experiments  9  and  10  in  which  the  fuel  input 
was  varied  from  65,000  to  70,000  Btu/hr.  However,  only  a  1 
in.  difference  in  cable  damage  was  observed  when  the  fuel 
input  was  varied  between  71,650  and  67,800  Btu/hr. 

As  shown  in  Table  15,  initial  room  temperature  for  all  of  the 
experiments  was  between  57  and  69  F.  Additional  room  heating 
was  required  to  obtain  the  desired  room  temperatures  in 
Experiments  1-17.  Weather  conditions  produced  initial  room 
temperatures  in  the  60  F  range  without  additional  heating  in 
Experiments  18-20. 

Visual  observations  and  cable  damage  in  previous  cable  fire 
tests  suggest  that  a  significant  difference  in  results  may  be 
caused  by  a  large  variation  in  initial  room  temperature. 

Four  cable  fire  tests  according  to  IEEE  383  were  conducted  as 
part  of  another  investigation,  and  are  described  in  UL 
Reports,  Subject  1277  dated  April  18,  1978;  and  Subject _ 
1277-2,  dated  June  23,  1978.  A  summary  of  the  results  is 

shown  in  Table  16. 

The  four  tests  were  conducted  on  one  cable  type  with  samples 
obtained  from  one  cable  reel.  Besides  the  variations  of 
initial  room  temperatures,  barometric  pressure  and  humidity, 
the  only  difference  between  Experiments  1-2  and  3-4  was  the 
spacing  of  cable  ties  and  burner  height.  However,  after 
allowance  for  the  burner  height,  Experiments  3  and  4 
sustained  greater  cable  damage  than  did  Experiments  1  and  2, 
which  were  conducted  at  lower  initial  starting  temperatures. 

In  ten  of  the  experiments,  cable  jacket  temperatures  were 
recorded.  In  Figures  11-20,  cable  jacket  temperatures  are 
plotted  on  a  height  versus  time  graph.  These  plots  may 
provide  information  as  to  the  rate  of  cable  burning  in  each 
experiment.  A  comparison  of  this  data  with  the  observed 
maximum  flame  height  versus  time  graphs,  as  shown  in  Figures 
5-10,  indicates  that  there  may  be  a  useful  correlation 
between  the  recorded  cable  jacket  temperature  and  the 
observed  cable  burning.  Also,  Figures  11-20  suggest  that 
cable  damage  corresponds  with  cable  jacket  temperatures  in 
the  300-400  F  range. 
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Since  only  a  limited  number  of  experiments  were  conducted, 
additional  experiments  would  be  required  to  investigate  the 
significance  of  quantitative  measurements  of  cable  jacket 
temperature.  However,  the  qualitative  data  on  jacket  damage 
is  sufficient  for  establishing  test  parameter  tolerances. 


V.  Recommendations 


It  is  suggested  that  the  fire  test  procedure  described  in  NRC 
Regulatory  Guide  1.131  be  revised  to  better  define,  and 
elaborate  on  certain  items  which  presently  are  only  mentioned 
or  excluded  entirely.  These  items  are  A)  construction  of 
cable  trays,  B)  test  enclosure,  C)  type,  size  and  spacing  of 
cable  ties,  D)  tolerance  on  burner  position,  E)  monitoring  of 
fuel  and  air  input  rates,  F)  flame  temperature,  G)  initial 
room  temperature,  and  H)  reporting  of  results. 


A.  Cable  Trays 

The  type  of  cable  tray  used  has  a  significant  effect  on  the 
fire  performance  of  the  cables.  The  cable  tray  to  be  used 
should  be  completely  specified  as  to  its  size  and 
construction,  including  the  shape,  dimensions  and  spacing  of 
ladder  rungs.  Although  any  standard  ladder  tray  would  be 
adequate,  the  cable  tray  described  in  this  Report  has  been 
used  extensively  with  good  results,  and  is  a  reasonable 
choice  for  standardization. 


B.  Enclosure 

Since  the  tests  should  be  free  from  excessive  drafts  and 
spurious  air  currents,  the  document  should  be  revised  to 
define  the  test  enclosure.  The  enclosure  used  in  this 
investigation  seems  to  provide  adequate  shelter  from 
superficial  air  currents  within  the  test  room.  Also,  the 
rate  exhaust  from  the  room  should  be  established.  A  value  to 
1800  cfm  is  suggested  as  a  conservative  value,  based  upon  the 
results  of  previous  experiments  in  this  investigation  as 
reported  in  NUREG/CR-0 1 52 . 


C.  Cable  Ties 


The  spacing  and  type  of  cable  ties  is  very  important  in 
obtaining  reproducible  test  results.  It  is  necessary  that 
steel  tie  wire  be  specified  as  the  fastening  means.  When 
plastic  or  other  low  melting  temperature  material  is  used  as 
fasteners,  the  cable  usually  breaks  loose  in  the  fire  area. 
The  ensureing  random  movements  of  the  cables  produce 
significant  variability  in  the  results.  It  is  suggested  that 
No.  16  SWG  steel  wire  ties  be  used  to  fasten  each  cable  every 
18  in.  along  the  cable  tray. 
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D. 


Burner  Position 


Presently,  the  IEEE  test  method  specifies  that  the  burner 
face  shall  be  3  in.  behind  and  approximately  2  ft  above  the 
bottom  of  the  tray.  The  sensitivity  tests  have  shown  that 
variations  of  +1/8  in.  in  the  burner-to-tray  distance  do  not 
produce  significant  changes  in  the  maximum  height  of  damage. 
It  is  therefore  suggested  that  the  Standards  specify  a 
distance  of  3  +  1/8  in.  between  the  burner  face  and  the  cable 
tray. 

Although  the  effect  of  burner  height  was  not  investigated,  it 
seems  certain  that  proximity  of  the  burner  to  a  ladder  rung 
would  have  a  significant  effect  on  the  results. 

Additionally,  the  height  above  the  bottom  of  the  tray  to 
which  damage  extends  will  obviously  depend  on  the  height  of 
the  burner  above  the  bottom  of  the  tray.  For  both  reasons, 
it  is  suggested  that  the  height  of  the  burner  be  specified  in 
the  Standard  as  24  +  1/8  in. 


E.  Fuel  and  Air  Input  Rates 

The  present  method  of  monitoring  fuel  and  combustion  air 
input  rate  is  by  measuring  the  pressure  of  each  in  the  supply 
lines  before  the  mixer  and  measuring  the  flame  temperature. 
Previous  experience  has  shown  that  monitoring  pressure  is  a 
coarse  means  of  regulating  the  ignition  flame  since  any 
restrictions  in  the  line,  changes  in  density  of  the  fuel  and 
air,  and  the  heat  produced  by  the  burning  cable  have 
significant  effects  on  the  recorded  pressures.  Use  of 
rotameters  in  lieu  of  the  manometers,  with  compensation  for 
the  gas  densities  provides  an  accurate  means  of  monitoring 
fuel  and  air  flow  rates. 

The  Standard  should  specify  that  the  tests  are  to  be 
conducted  with  a  fuel  input  rate  of  70,000  (+1,600)  Btu/hr 
and  an  air  input  rate  of  163  (±10)  SCFH. 


F.  Flame  Temperature 

The  flame  temperature  requirement  should  be  deleted  since  it 
is  a  very  difficult  quantity  to  measure. 


G.  Initial  Room  Temperature 

Although  we  presently  do  not  have  a  great  quantity  of  data, 
it  is  suspected  that  initial  room  temperature  has  a 
significant  effect  on  results. 
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The  present  tests,  conducted  with  initial  room  temperatures 
between  about  58  and  69  F,  suggest  that  variations  over  this 
range  do  not  significantly  affect  the  results.  Until  further 
information  becomes  available,  it  is  suggested  that  the 
Standard  specify  a  tolerance  of  +5  F  for  initial  room 
temperature,  which  should  correspond  with  initial  cable 
temperature.  The  center  value  of  the  initial  room 
temperature  should  probably  be  specifed  as  75  F  for  maximum 
convenience . 


H.  Reporting  of  Results 

A  definition  of  cable  damage  should  be  included  in  the 
Standard.  Although  more  or  less  sophisticated  determinations 
of  jacket  and  insulation  properties  might  be  conceived  for 
assessing  damage,  these  do  not  appear  to  be  necessary.  A 
definition  of  damage  as  melting,  blistering,  or  charring 
appears  to  be  sufficient  for  this  test. 


These  suggestions  are  based  on  results  of  a  limited  number  of 
experiments.  If  greater  detailed  quantitative  results  are 
desired  concerning  the  repeatability  and  reproducibility  of 
the  test,  further  experimentation  would  be  required.  It  is 
recommended,  therefore,  that  round-robbin  testing  be 
undertaken  to  obtain  this  additional  data. 

Although  reporting  of  cable  jacket  temperatures  appears  to  be 
beneficial,  more  experimentation  would  have  to  be  conducted 
before  any  specific  proposal  could  be  made.  However,  the 
techniques  and  time  required  for  proper  placement  of  the 
cable  jacket  temperatures  may  be  too  demanding  for  inclusion 
of  this  measurement  in  a  standard  test  of  this  nature  at  this 
time . 
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Table  2  IEEE  383  Cable  Experiments 


Cable 

Burner  Jacket 


Experiment 
No  . 

Caole 

Type 

Fue  L  Input 
(BTO/Hr) 

Air  Input 
(SCFH) 

Air/ Fue  1 
Ratio 

Distance 

(In.) 

Temperature 

Measurement 

1 

I 

70,000 

163 

5.9/1 

3 

Yes 

2 

I 

70,000 

163 

5.9/1 

3 

Yes 

3 

I 

70,000 

163 

5.9/1 

3 

Yes 

4 

I 

70,000 

163 

5.9/1 

3 

Yes 

5 

I 

70,000 

163 

5.9/1 

3-1/2 

No 

6 

I 

70,000 

163 

5.9/1 

2-1/2 

No 

7 

I 

70,000 

180 

6.5/1 

3 

No 

8 

I 

70,000 

153 

5.5/1 

3 

No 

9 

I 

65,000 

163 

6.3/1 

3 

No 

10 

I 

75,000 

163 

5.5/1 

3 

No 

11 

I 

70,000 
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5.9/1 

3-1/8 

No 

12 

I 
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163 

5.9/1 

2-7/8 

No 

13 
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71,650 
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5.7/1 

3 

No 

14 
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6.0/1 

3 

No 

15 
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163 

5.9/1 

3 

Yes 

16 

II 
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5.9/1 

3 

Yes 

17 

II 
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5.9/1 

3 

Yes 

18 
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5.9/1 

3 

Yes 

19 

III 
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5.9/1 

3 
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20 

III 
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163 

5.9/1 

3 

Yes 
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Table  3  Cable  Jacket  Temperatures  Experiment 
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1438  408  283  -  171  274  132  55  182  104  160 

1319  406  261  -  169  274  132  55  184  101  160 


Table  4  Cable  Jacket  Temperatures  Experiment 

(Degrees  F) 
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Table  5  Cable  Jacket  Temperatures  Experiment 

(Degrees  F) 
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Table  6  Cable  Jacket  Temperatures  Experiment 

(Degrees  F) 
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1308  736  520  395  341  328  278  332  332  283  234  208 
1286  795  511  399  319  300  257  309  314  319  226  195 
1201  795  520  391  319  311  252  265  300  265  221  190 
1265  778  497  386  314  287  252  274  274  252  213  186 


Table  7  Cable  Jacket  Temperatures  Experiment  15 

(Degrees  F) 
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Table  8  Cable  Jacket  Temperatures  Experiment  16. 
--  ( Degrees  F) 
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Table  9  Cable  Jacket  Temperatures  Experiment  17 

(Degrees  F) 
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Table  10  Cable  Jacket  Temperatures  Experiment  18 

(Degrees  F) 
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Table  11  Cable  Jacket  Temperatures  Experiment  19 

(Degrees  F) 
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Table  12  Cable  Jacket  Temperatures  Experiment  20 

(Degrees  F) 
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1172  1767  398  342  309  262  237  212  194  179  165  161 

718  1205  398  341  307  261  235  211  191  177  165  160 


Table  13  Maximum  Height  Of  Cable  Damage 

Cable  Experiment  No. 

No.  1  2  3  4  5  6  7  8  9  10  11  12  13 
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Experiment 

No. 

Table  14  Cable  Damage 

Summary 

Maximum  Cable  Damage 
Height  (In.) 

Average  Cable  Damage 
Height  (In.) 

1 

69.0* 

67.7* 

2 

71.0* 

69.3* 

3 

68.0* 

65.2* 

4 

87.0* 

83.6* 

5 

72.5* 

71.6* 

6 

63.0* 

62.0* 

7 

69.0* 

65.9* 

8 

68.0* 

67.2* 

9 

78.0* 

75.8* 

10 

68.0* 

66.1* 

11 

74.0* 

73.2* 

12 

76.0* 

75.0* 

13 

71.0* 

69.7* 

14 

72.0* 

71.4* 

15 

50.0* 

48.0* 

16 

48.0* 

47.7* 

17 

53.0* 

50.6* 

18 

46.0** 

45.3** 

19 

49.0** 

46.6** 

20 

49.0** 

46.4** 

*Front  surface 
**Rear  Surface 
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Table  15  Initial  Temperatures 


Experiment  No. 

Average 

Initial  Cable 
Jacket  Temperature 

Initial  Room 
Air  Temperature 

1 

60 

64 

2 

62 

58 

3 

60 

59 

4 

63 

64 

5 

— 

64 

6 

- 

63 

7 

— 

64 

8 

- 

65 

9 

- 

61 

10 

— 

65 

1 1 

- 

65 

12 

- 

64 

13 

- 

64 

14 

— 

62 

15 

56 

63 

16 

57 

64 

17 

63 

64 

18 

66 

67 

19 

68 

69 

20 

68 

67 
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Table  16  Summary  of  Supplemental  Cable  Experiments 

Exp.  1*  Exp.  2*  Exp.  3*  Exp.  4* 


Cable  tie  spacing  (in.) 

27 

27 

18 

18 

Initial  room  temperature  (F)1 

42 

43 

70 

72 

Barometric  pressure  (In./Hg) 

29.58 

29.60 

29.34 

29.35 

Relative  humidity 

38 

38 

48 

46 

Maximum  height  of  cable 
damage  ( in . ) ** 

72 

78 

82 

83 

♦Experiment  numbering  from  Reports  Subjects  1277  and 

1277-2. 

♦♦Adjusted  to  allow  for  differences  in  burner  height. 


28 


ELEVATION  VIEW 


PLAN  VIEW 

Figure  1  -  Facility 
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Each  Wall  May  Be  Raised  Or  Lowered  Independently 


Figure  3  -  Enclosure 
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Front  Surface 


3  0" 


•  Thermocouple  Location 

Instrumented  cable  installed  along  the  center  line  of 
the  cable  tray  in  Experiments  15-17,  or  1/4  the  cable 
diameter  from  cable  tray  center  line  in  Experiments  1-4 
and  18-20. 


Figure  4  -  Cable  Jacket  Thermocouples 
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Height  (In. 


Height  (In. 


Height  (In. 


Height  (In. 


Height  (In. 


300  F 


96 


84 


72 


~  60 


48 


36 


24 


12 


96 


43 


Height  (In. 


96 


84 


72 


60 


300  F 
400  F 


-  Maximum  cable  damage  height 


Figure  18  -  Cable  Jacket  Temperature 
Experiment  18 
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Height  (In. 


*  -  Maximum  cable  damage  height. 


Figure  19  -  Cable  Jacket  Temperature 
Experiment  19 
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*  -  Maximum  cable  damage  height. 


Figure  20  —  Cable  Jacket  Tempera t ur e 
Experiment  20 
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Maximum  Damage  Height  (In. 


75-4- 

i 

70-r 

i 

65— L 


“Maximura  Damage  Height 
_Average  Damage  Height 


} 

1 

4 


60 


t 
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